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ABSTRACT 
 
The partitioning of two proteins, bovine serum albumin (BSA) and trypsin was studied in an aqueous poly(ethylene 
glycol)(PEG)- Cashew-nut tree gum system. The phase diagram was provided for Cashew-nut tree gum and PEG 
molecular weight of 1500 at two different temperatures. The influence of several parameters including 
concentrations of polymers, pH, salt addition and temperature on the partitioning of these proteins were 
investigated.. The results of this research demonstrated the importance of the protein characteristics for partitioning 
in aqueous biphasic system. 
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INTRODUCTION 
 
Aqueous two-phase systems (ATPS) composed of 
water and two soluble polymers have found 
widespread use in biochemical research for 
separation and purification of macromolecules, 
cells and cell particles (Albertsson et al., 1981; 
Walter et al., 1985). ATPS can easily be scaled up 
without an appreciable change in the nature or 
efficiency of the process. In addition, since there is 
no solid phase, through mixing of the two phases is 
possible and hence interface transport is rapid. Very 
little time is required to bring most two-phase 
systems into equilibrium. Another benefit is that the 
phases are compatible with almost all known 
proteins. They are an attractive alternative 
procedure for the separation and purification of 
proteins on a large scale. The question of selectivity 
in protein partitioning still needs to be better 
understood. An increased knowledge of protein 
behaviour in aqueous-two phase systems will also 
lead to the ability to predict the partitioning of 
specific materials (Silva and Franco, 2000).  
The most widely used system for protein 
extraction has been the one consisting of dextran 
and poly(ethylene glycol) (PEG) (Johansson 1984, 
1985; Tjerneld et al., 1986). However, the high 
cost of fractionated dextran has limited the use of 
this system for large scale isolations. Therefore, 
developing aqueous two-phase systems based on 
new and cheaper polymers have been a 
challenging research goal (Pietruszka et al., 2000). 
We have shown recently an economic water-
soluble acidic heteropolysaccharide gum from 
Anacardium occidentale L. (Cashew-nut tree) 
found in Brazil (Sarubbo et al., 2000; Oliveira      
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et al., 2002) that has the potential to act as an 
alternative to fractionated dextran in aqueous two-
phase systems. 
To define a successful purification system, it is 
desiderable to understand the main physico-
chemical parameters that affect protein 
partitioning. The present study investigated the use 
of PEG-Cashew-nut tree gum ATPS for the 
partitioning of proteins.  
 
 
MATERIALS AND METHODS 
 
Materials 
Bovine serum albumin (BSA), trypsin and Poly 
(ethylene glycol) (PEG) 1500 were obtained from 
Sigma Chemical Co. (St. Louis, Mo, USA). Crude 
gum was collected as natural exudate from 
cultivated Anacardium occidentale trees of various 
localities in Pernambuco State, Brazil. Common-
type plants about 20 years old, yellow cashew 
producers were utilised. All other chemicals were 
analytical grade. 
 
Purification of gum 
Clear nodules free of bark were selected to 
purification using ethanol (Rodrigues et al., 1993).  
 
Phase Diagrams 
Phase diagrams were determined at room 
temperature according to Albertsson’s procedure 
(Albertsson, 1986). The binodal of the phase 
diagram, the demarcation between PEG-Cashew-
nut tree gum compositions showing monophasic 
and biphasic behaviour was obtained by direct 
observation of two phase formation for a large 
number of solutions containing varying 
concentrations of PEG and Cashew-nut tree gum. 
Systems that displayed a distinct phase/phase 
interface were considered biphasic and their top 
and bottom phases polymer composition were 
analysed. PEG concentration was determined 
according to Skoog (1979). Polysaccharide 
concentration was determined by measuring 
reducing sugars (Miller, 1959) concentration after 
a hydrolysis step with sulphuric acid.  
 
Two-phase systems 
The systems were prepared from stock solutions of 
polymers in water, 30% (w/w) cashew-nut tree 
gum and 70% (w/w) PEG. The polymers solutions 
were weighed and mixed with phosphate buffer 
(pH 6.0, 7.0 and 8.0), according to the desired pH. 
The buffer concentration was 15 mM. Total 
weight of system was 4g. The systems were well 
vortex mixed for 5 min and then centrifuged at 236 
g during 5 minutes to obtain two clear phases. The 
partition experiments were performed at 25°C± 2° 
and 40°C± 2° by mixing systems with a 400 µl of 
a 2mgml-1 protein solution. The study of protein 
partitioning was carried out at pH 6.0, 7.0 and 8.0 
for two different tie-line lengths. Systems 
containing salts (pH 7.0) were prepared by 
dissolving powdered salt directly into the systems 
for salt concentrations of 0.1 M or 1 M. 
 
Protein Partitioning 
Protein concentration in the top phase was 
determined according to Bradford (1976) and 
partition coefficient (K) was defined as the ratio 
between protein in the upper (PEG) and lower 
(Cashew-nut tree gum) phases. Samples of the top 
phase were diluted in water, when necessary, and 
analysed for protein concentration. The protein 
concentration of the bottom phase, due to its 
viscosity, was calculated from mass balance, 
according to Venâncio et al. (1993) and Almeida 
et al. (1998). Protein concentration was 
determined for a set of three independent systems. 
 
 
RESULTS AND DISCUSSION 
 
Phase diagram for the system PEG-Cashew-nut 
tree gum system at 25°C± 2° and 40°C± 2° is 
displayed in Fig. 1. It could be seen that there was 
no significant displacement between the curves for 
the two temperatures studied. This result has 
already been reported for other systems 
(Albertsson, 1986). The carbohydrate polymer was 
enriched in the denser bottom phase while PEG 
was found in the upper phase. The total system 
compositions for the tie-lines and temperatures 
studied are given in Table 1 and 2.  
The distribution of BSA and trypsin in PEG1500-
Cashew-nut tree gum systems was studied by the 
addition of protein solutions to stock solutions of 
both phases. The experimental results obtained 
showed that both proteins concentrated in the 
Cashew-nut tree gum-rich bottom phase (Fig. 2). 
The increase of the tie-line length in most cases 
led to a decrease of K. The effect of polymer 
concentration could be attributed to the excluded 
volume effects that increased with increasing PEG 
concentration (Albertsson, 1986). Similar results 
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were obtained for other polymer-polymer systems 
(Almeida et al., 1998; Christian et al., 1998; 
Kishida et al., 1998). 
The effect of pH on the partition coefficients 
varied between proteins and with the type of 
system. The partition coefficients were obtained 
for BSA and trypsin at pH 6.0, 7.0 and 8.0. In this 
pH range, both proteins have net molecular charge. 
BSA was negatively charged (pI 5.1) while trypsin 
was positively charged (pI 9.2). BSA and trypsin 
partitioning showed little variation by changing 
the system pH, but a little increase of K could be 
detected as the pH was increased from 6.0 to 8.0 
for both proteins (Fig. 2). 
Although these proteins exhibited different 
properties, the similar trend observed could be 
influenced by other factors, such as conformation 
and specific interactions with phase-forming 
polymers. Proteins partition coefficients in PEG 
1500-Cashew-nut tree gum systems at pH 8.0 were 
not determined for the second tie-line length 
(13.8% PEG-22.5% gum) since the system turned 
uniphasic (homogeneous) after the addition of 
protein solution. 
The small but significant unequal distribution of 
the small ions in the phases creates a partition 
potential between the phases. This potential in turn 
affects the distribution of the charged particles, 
such as proteins. Due to the large number of 
charges on these macromolecules, their behaviour 
is affected by the partition potential. The 
mechanisms that cause the uneven distribution of 
biomolecules are poorly understood and the ATPS 
widespread use has been limited because of the 
complexity of predicting the partition of materials. 
 
Figure 1- Phase diagram for the system PEG1500-Cashew-nut tree gum at 25°C± 2° and 40°C± 2° 
 
 
 
Table 1- Tie-lines composition (w/w) of PEG1500-Cashew-nut tree gum system at 25°C 
Tie-line PEG 1500 1 2 
System composition  
Gum 21.0 22.5 
PEG 13.0 13.8 
H2O 66.0 63.7 
Top phase composition  
Gum 8.73 5.75 
PEG 16.91 19.89 
H2O 74.36 74.36 
Bottom phase composition  
Gum 39.20 45.15 
PEG 7.0 4.73 
H2O 53.80 49.12 
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Table 2- Tie-lines composition (w/w) of PEG1500-Cashew-nut tree gum system at 40°C 
Tie-line PEG 1500 
1 2 
System composition  
Gum 21.0 22.5 
PEG 13.0 13.8 
H2O 66.0 63.7 
Top phase composition  
Gum 9.74 6.76 
PEG 16.29 18.86 
H2O 73.97 74.38 
Bottom phase composition  
Gum 40.58 50.48 
PEG 7.26 3.67 
H2O 52.16 45.85 
 
 
 
Figure 2- Effect of tie-line length and pH on BSA (a) and trypsin (b) partition 
coefficients in PEG1500-Cashew-nut tree gum system at 25°C± 2° 
 
 
The influence of NaCl addition on the partition of 
BSA and trypsin at pH 7.0 is shown in Fig. 3. It 
was observed that the BSA partition coefficient 
decreased for 0.1M NaCl addition and increased 
for 1.0M NaCl addition for both tie-lines length. 
Similar results were obtained by Venâncio et al. 
(1993) for negatively charged proteins partitioned 
in polymer-polymer systems. BSA partitioning in 
PEG-Arabinigalactan systems (Christian et al., 
1998) and in PEG-Aquaphase PPT (Sturesson et 
al., 1990) decreased after the addition of 0.1M 
NaCl for systems at pH 7.0. 
The trypsin partition coefficient decreased 
proportionally to the NaCl concentration only for 
the first tie-line. Results obtained by Almeida et al. 
(1998) for cutinase partitioning in PEG-Reppal 
PES systems with 0.1M x 1.0M NaCl at positive 
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pH's showed an irregular partition trend with NaCl 
concentration. 
By the analysis of the system composition, 
considering low salt concentrations, a small 
predominance of the chloride ion in the PEG-rich 
phase can occur, which becomes electrically more 
negative compared to the lower phase. Thus, the 
negatively charged substances are preferentially 
partitioned into the lower phase. The results 
obtained for BSA partitioning after the addition of 
0.1M NaCl at pH 7.0, where the protein had a 
negative charge, agreed with the explanation 
described above. However, for trypsin, which was 
positively charged at pH 7.0, such behaviour could 
not be observed. Probably, other factors might 
have influenced the partitioning in a different way 
as there existed a lot of parameters involved     
(e.g. hydrophobic interactions, concentration and 
phase-forming polymer properties and affinity of 
the macromolecule for the phase-forming 
polymer). 
 
 
Figure 3- Effect of NaCl addition on BSA (a) and trypsin (b) partition coefficients in 
PEG1500-Cashew-nut tree gum system at 25°C± 2°, pH 7.0 
 
 
The effect of temperature is quite complex because 
the phase composition, the electrostatic 
interactions and the hydrophobic interactions are 
all coupled to the temperature. In addition, the 
proteins can undergo denaturation, conformational 
changes, and self association or dissociation   
when the temperature is raised. Some reports   
have described an increase in the partition 
coefficient with the temperature (Diamond and 
Hsu, 1992; Forciniti et al., 1991), others have 
found that the partition coefficient showed no 
temperature dependence (Johansson et al., 1973; 
Tjerneld et al., 1985). The effect of temperature on 
the partition coefficient of BSA and trypsin was 
studied at 25°C± 2° and 40°C± 2° (Fig. 4). The 
results showed a little increase of K of trypsin with 
temperature, while BSA partitioning showed an 
opposite behaviour.  
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Figure 4- Effect of temperature on BSA (a) and trypsin (b) partition coefficients in 
PEG1500-Cashew-nut tree gum system at pH 7.0 
 
 
As there was no significant change in phases 
composition in the PEG-Cashew-nut tree gum 
system when temperature was changed, the 
influence of this parameter on the partition 
coefficient seemed to be highly dependent on other 
factors, such as the kind of protein which is 
partitioned. These results showed that there could 
be many factors that influenced the partitioning 
behaviour of proteins in aqueous two phase 
systems. The complexity of the partitioning 
because of the involvement of several interacting 
properties between the solute and the phase 
forming components was related. 
 
 
CONCLUSIONS 
 
The partitioning of two proteins, BSA and trypsin, 
even with different characteristics showed similar 
traits when the influence of some parameters was 
investigated. The results obtained showed that it 
was possible to change the degree of partitioning 
by selecting the right conditions like pH, 
temperature and salt addition. 
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RESUMO 
 
A partição de duas proteínas, albumina de soro 
bovino (BSA) e tripsina foi estudada no sistema 
bifásico aquoso Polietileno glicol(PEG) - Goma do 
cajueiro. O diagrama de fases foi estabelecido para 
a Goma do Cajueiro e para PEG de peso molecular 
1500 em duas diferentes temperaturas. A 
influência de vários parâmetros na partição destas 
proteínas, incluindo concentração dos polímeros, 
pH, adição de sal e temperatura foi investigada. Os 
resultados desta pesquisa demonstraram a 
importância das características da proteína na 
partição em sistemas bifásicos aquosos. 
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